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Abstract
In this note we describe the “tag and probe” methods that have been developed to
measure both online and offline electron efficiencies from data at CMS. We present
their implementation in the CMS software framework (CMSSW) and their valida-
tion with both Monte Carlo truth and reconstructed physics observables. We also
discuss methods for background estimation and subsequent correction of efficiencies
due to this background contamination. We suggest an electron efficiency factorization
scheme and apply it using the “tag and probe” tools in support of the measurement
of σ × BR(pp → γ∗/Z → e+e−) being performed as a preparatory analysis in CMS
in anticipation of the start of LHC operation in 2008.

11 Introduction
Many experimental signatures at CMS, both Standard Model and beyond, involve electrons in
the final state. Accurate measurements of electron trigger, reconstruction, and identification
efficiencies (without any reliance onMonte Carlo truth information) are thus an important part
of the CMS experimental programme. We have developed a set of tools and methods to make
such measurements from early CMS data.
We employ a “tag and probe” method which has been successfully used by both Tevatron
experiments [1] in some form or another. Our method relies upon γ∗/Z → e+e− decays to
provide an unbiased, high-purity, electron sample with which to measure the efficiency of a
particular cut or trigger. Using events passing a single electron trigger we tag events containing
a well reconstructed electron. We select a second with criteria leaving it unbiassed with respect
to the efficiency under study using a mass limit about MZ between the pair to ensure purity.
1.1 Tag/Probe Combinatorics
For a di-electron event, it is possible that zero, one, or two of electrons may pass the tag criteria.
Likewise, it is also possible that zero, one, or two of the electrons may pass the probe criteria.
There are thus three possible types of events with a tag and probe pair: TT, TP and TF where T
=passing tag criteria, P= passing probe + the efficiency under study criteria, but not tag criteria,
and F = passing probe but not the efficiency under study criteria and we may relate these to the
efficiency by Equation 1 where NTT,NTP,NTF are the number of events observed of each type
and the factor of 2 arises from the two permutations of the tag in an event where both electrons
pass the tag criteria.
ε =
2NTT + NTP
2NTT + NTP + NTF
(1)
For simplicity we create a collection of all possible unique tag and probe pairings in a given
event. For example, 2 such pairings would be created for a TT event. Thus, the efficiency can
be determined simply by iterating over this collection and counting the probes in a given tag
and probe pairing which pass the efficiency criteria, divided by the total number of probes.
In the rare (less than 1%) instance that more than one satisfactory probe is identified to be
paired with a tag to avoid any bias from attempting to choose the “correct” probe, we discard
the entire event, i.e. we do not increment the numerator or denominator of a given efficiency
calculation.
2 Monte Carlo Truth Validation of Tag and Probe Tools
To verify that the tools described in the previous section can be used to accurately measure
electron efficiencies in data, we validate them by comparing our tag and probe method with
efficiencies from the Monte Carlo truth information. We use a W → eν sample to provide a
set of electrons with different kinematics than the probes from the Z decay, thereby providing
a more thorough validation. We show the comparison between the efficiency for the Monte
Carlo truth track reconstruction efficiency with the Tag and Probe method as a function of ET.
Slices in η are made to take into account the differing kinematic distribution of electrons from
the γ∗/Z → e+e− andW → eν decay. Fig. 1 and Fig. 2 show the comparison.
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Figure 1: Track matching efficiency as a function of supercluster ET for −1.2 < η < −0.9.
3 Factorization of Efficiency
We propose a selection in which we require an electron reconstructed as a track in the silicon
tracker which is seeded by hits in the pixel detector which are matched to an energy deposit in
the electromagnetic calorimeter. Standard preselection cuts are applied to the candidate elec-
tron objects followed by a standard track isolation definition. Electrons are classified according
to the quality of their measurement and standard electron ID cuts are applied to each cate-
gory [2],[3]. We consider events selected with the standard single electron trigger path [4]. The
reconstruction and selection efficiencies are factorized according to Equation 2.





The factorization of the (online) offline efficiency represents the subsequent steps in the (trigger-
ing) reconstruction/identification of a particle as an electron. Correlations between the various
efficiencies are taken into account by calculating the efficiency of each requirement in a specific
order. The probe used to measure a specific efficiency must satisfy the selection requirements
of all previous steps. To avoid bias from online selection of the event we require the tag to
match in η and φ to an object reconstructed by the High Level Trigger. We require that trigger
object to have been able to pass all levels of the trigger used to select the event.
4 Efficiency Measurements and Background Subtraction
For each calculation, we provide the efficiency as a function of several illustrative variables.
We also provide the same efficiency integrated over those variables, i.e. as just a single number.
For processes which may have different kinematics than the Z decay, such as W → eν, it is
necessary to have the efficiencies binned in those variables on which it depends. We therefore
also provide all the efficiencies we compute in the following sections binned in η and ET or pT
depending on where the probe is measured.
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Figure 2: Track matching efficiency as a function of supercluster ET for −0.3 < η < −0.0.
We considered several techniques which could be used to estimate the level of background
contamination with early CMS data, and tested those techniques using a sample representing
10 pb−1 ofW+jets data.
Tag and probe pairs selected from γ∗/Z → e+e− events should be measured to have opposite
electric charge (even if this requirement is not applied in the tag and probe criteria). Under
the assumption that the sign of the charge of each leg is random if selected from a background
event the number of probes selected from background events, NB, can be estimated by counting
the number of tag and probe pairs where both legs have opposite sign, NSS. We are aware
that in the W+jets events considered there exists a significant charge correlation between the
quark and the lepton which presents a knownweakness of this method. The estimated number
of background probes, corrected for the small charge mis-measurement in the signal ( fmis),
is expressed as NB = 2(NSS − fmisNS), where NS is the number of signal probes which we
approximate with the total number of probes.
When a measurement of the sign of the charge of one or both of the legs of the tag and probe
selection is unavailable a simple side band technique was employed to estimate the number of
background events in the selection. We count the number of events in upper and lower mass
side band regions and make a linear extrapolation to estimate the background in the mass
region of the efficiency measurements. As the integrated luminosity of CMS is expected to
rapidly exceed 10 pb−1, we also considered a more sophisticated method for background sub-
traction via an extended, unbinned maximum-likelihood fit to the distribution of those vari-
ables in data.
4.1 Electron Preselection Efficiency
The efficiency of the preselection for Electron objects formed from a SuperCluster and a track
reconstructed with the Gaussian Sum Filter algorithm is measured using the tag and probe
selection defined in Table 1.
The mass spectrum of signal and the assembled signal and background sample is shown for
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Table 1: Selection criteria for Tags and Probes (Electron preselection efficiency)
TAG PROBE
A PixelMatchGsfElectron which: A GsfTrack-SuperCluster pair which:
- is capable of passing the single electron HLT - is in fiducial (|η| <1.444 and 1.560< |η| <2.5)
- is in fiducial (|η| <1.444 and 1.560< |η| <2.5) - SuperCluster ET >20 GeV
- SuperCluster ET >15 GeV
- is isolated (track isolation)
probes passing the electron preselection and for all probes in Figs. 3 and 4. The measured
efficiency is displayed as a function of probe ET an η in Figs. 5 and 6.
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Figure 3: Tag probe invariant mass for all probes.
The number of background events estimated by the opposite sign method is given in Table 2
and the mass spectrum of signal and the assembled signal and background sample is shown
in Figs. 3 and 4. With the tag & probe criteria for this efficiency calculation listed above the
fraction of tag probe pairs with same sign, fmis, was measured in signal only simulated events.
In the barrel region fmis was found to be 0.038 and 0.096 in the endcap. The measured efficiency
is displayed in Figs. 5 and 6.
4.2 Cumulative Offline and Online Efficiency
We present the cumulative offline and online electron efficiencies, i.e. our measurement of
the efficiency with which one can trigger on and reconstruct an electron at CMS given our
choice of trigger, electron id requirements etc. Note that no attempt was made to optimise these
choices - the aim of this note is simply to illustrate a method of measuring the efficiency for any
choices that CMS might eventually adopt. Note also that in order to apply this efficiency to a
measurement of a specific physics process, one will have to take into account the topology of
that processes final state as discussed in Section 5.
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Figure 4: Tag probe invariant mass for probes passing preselection.
Table 2: Background Estimate for Electron Preselection Efficiency Calculation
Method Region NPASS NPASSB N
TOTAL NTOTALB
Same-sign EB 3820± 61.8 7± 3.7 3969± 63.0 49.7± 10.0
EE 1563± 39.5 0± 1 1710± 41.4 14.7± 5.4
Side-band EB 3822± 61.8 32.0± 5.7 3971± 63.0 45.9± 6.8
EE 1564± 39.5 10.7± 3.3 1711± 41.4 17.0± 4.2
MC truth EB - 25 - 59
EE - 5 - 19
We measure a cumulative offline and online efficiency for all electron classifications of 0.590±
0.0005 . We also show this result as a function of ET and η in Figs. 7 and 8.
5 Application to Cross-Section Measurements
Using an online and offline selection reflecting that for which we have measured the efficiency,
a simple estimate of the pp→ γ∗/Z → e+e− cross section may be made. We take only a single
electron class (golden) and consider only the case where both electrons are reconstructed in the
barrel region in this example. The cross section is evaluated using the following formula:
σ × BR (pp→ γ∗/Z → e+e−) = Nselected − NbkgdA × εtot ×
∫ Ldt (3)
where Nselected is the sum of the signal and background events that pass the selection criteria,
A is the signal acceptance, and ∫ Ldt is the integrated luminosity of the dataset, which we take
to be 10 pb−1 for this study. We estimate Nbkgd using the same-sign method described in this
work and find it to be consistent with zero.
The εtotal is defined as ε2o f f line × εtrigger. We square εo f f line since we demand two electrons in
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Figure 5: Electron preselection efficiency versus probe ET.
the final state. The trigger efficiency, εtrigger, is the efficiency for an event to pass the single
electron trigger. We measure the efficiency for single electrons to fire the single electron trigger
so the efficiency with which an event of the two electron topology is selected by the trigger is
equal to one minus the probability that both electrons fail.
Table 3: Results for the pp→ γ∗/Z → e+e− cross section measurement.
Nselected 215 ± 14.7
Nbkgd 0
εo f f line 0.231 ± 0.006
εtrigger 0.990 ± 0.015
εtotal 0.053 ± 0.002
Acceptance 0.189 ± 0.004
Integrated Luminosity 10 pb−1
We find σ× BR(pp → γ∗/Z → e+e−) 2.15 ± 0.18 nb compared to the NLO cross-section used
to set
∫ Ldt of the sample (Mee >40) at 2.1 nb. This gives us confidence that the selection
efficiencies are accurately estimated with the tag and probe method.
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Figure 6: Electron preselection efficiency versus probe η.
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Figure 7: Cumulative offline and online efficiency for all electron classifications as a function of
probe ET.
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The efficiency to pass the HLT is measured with respect to the offline selection. We require
that the tag must have passed the HLT path HLT1Electron (including the requirement that
it could have passed the Level-1 bit A Single EG12) to remove the bias due to the online
selection of the event. The efficiency for the golden electron classification is shown as a function
of ET and η in Figs. 9 and 10.
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Figure 9: L1+HLT efficiency for probes classified as ‘golden’ as a function of probe ET.
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Figure 10: L1+HLT efficiency for probes classified as ‘golden’ as a function of probe η.
